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INTRODUCTION
The strawberry is a very popular seasonal fruit available in Serbia during the spring and early summer. Compared to other fruits, the strawberry is highly appreciated for excellent organoleptic properties such as red color, fine texture, and unique flavor and taste. Furthermore, strawberries are a good source of ascorbic acid and other antioxidants. They have a very short postharvest shelf life, which affects the market potential and consumer access. Because strawberries are a seasonal crop, most of the harvested fruits in Serbia are preserved by freezing or by processing into concentrated juices, jams, jellies, puree and marmalades. Strawberries are mainly used in dairy products, or as ingredients in biscuits, cookies, etc. Dried strawberry fruits are perfect as components of fruit and herbal teas, mueslis and desserts, as well as healthy dried snacks. They can be preserved by drying processes such as air drying, osmotic dehydration with air drying, microwave and freeze drying (Adak et al., 2017; Agnieszka and Lenart, 2010; Piotrowski et al., 2004; Ferrando and Spiess, 2003) .
Previous research, conducted over the past decade, suggests that osmotic dehydration used in fruit processing exerts a beneficial effect on both decreasing the water content and increasing the dry matter content, thus resulting in appealing and tasty products . Osmotic drying used as a pretreatment in the fruit drying process reduces draying rate values during air and microwave drying Piotrowski et al., 2004) . Rehydration can be regarded as an evaluation on the change in the material structure caused by drying. It is generally accepted that the degree of rehydration is dependent on the degree of cellar and structural disruption. Agnieszka and Lenart (2010) found that sorption isotherms and adsorption rates decrease in the case freeze-dried strawberries that were osmotically dehydrated in a sucrose and glucose solution. Same authors found that freeze-dried strawberries, after previous osmotic pretreatments, were characterized by lower water contents after 120 min of rehydration, compared to fruit not subjected to osmotic dehydration.
A combination of osmotic dehydration and convective drying appears as a good drying procedure for fruit drying, characterized by reasonable energy consumption as well as a favorable shelf life and high quality of dried products. The purpose of this study is to examine the kinetics of drying fresh strawberries and strawberries pretreated using osmotic dehydration. A detailed analysis of the influence of osmotic dehydration on the drying curves, drying rates, rehydration and color changes in strawberries will be presented in this study. 
Nomenclature:
a*, b* -color coordinates c ( o Bx) -sucrose concentration m (g) -mass, t (h, min) -drying time D a (m/s 2 ), -pre-exponential Arrhenius factor D e (m/s 2 ), -moisture diffusivity coefficient L* (-) -color brightness MR (-) -moisture ratio R (kJ/mol) -universal gas constant SG (g d.b. /g) -solid gain T ( o C, K) -temperature, X (g w /g d.b. ) -
MATERIAL AND METHOD
Fresh strawberry ('Jolly') were obtained from a local producer (Intersad, Rumenka, Serbia) and stored in a refrigerator at 4 o C until used. All the fruit samples were at the beginning of technological ripeness with a pH value of 3.24. Strawberries of the following uniform size were selected for the experiment: length (31.55 ± 2.75 mm), width (30.1 ± 3.28 mm), thickness (25.9 ± 2.78 mm), mass 11.75± 2.68 g and moisture content 87.14 % ± 0.49 % (wet basis). The average values of the main physical properties of fresh strawberries were measured on a random sample of 20 fruits.
After washing in tap water and removing the external impurities, strawberries were cut into 4.0 ±0.5 mm thick slices along the longitudinal axis. The slices were dipped in a 5 % ascorbic acid solution at room temperature (≈25 o C) for 3 min. The strawberries fruits for drying were prepared in two following manners:
-untreated (placed fresh into a convective dryer), and -pretreated (strawberries were placed into a convective dryer after osmotic dehydration). Osmotic dehydration was carried out in 55 o Bx and 65 o Bx sucrose solutions at a temperature of 50 o C with steering for 2h. The mass ratio of raw material to osmotic solution was 1:4. Every 30 minutes, three slices were taken from the osmotic solution. It is assumed that these samples represent the mean changes in the moisture content (water loss, WL) and an increase in the dry matter (solid gain, SG) during osmotic dehydration in the period under consideration. The moisture content and solid gain of strawberries were measured using the thermogravimetric method (105 o C, 24h), a laboratory dryer, Sterimatic ST-11, "Instrumentaria", Zagreb and analytical scales KERN 440-33N (0 -200 g, 0.01g ±0.02g) in three replicates. The moisture content (X t ) and the increase in dry mater (solid gane, SG) at a specific time were calculated using the following equations:
The air drying experiments of untreated and pretreated strawberries were carried out at air temperatures of 60, 70 and 80 o C and an air velocity of 1.0 m/s. The samples were placed on trays in a thin layer in an experimental convective dryer "IVA -2" (Pavkov et al., 2009) . Using the experimental dryer, mass changes in the strawberry samples were continuously recorded, as well as air temperatures. The specific mass of strawberry slices on trays was 1.56 kg/m 2 . Each sample utilized in the experiment had a approximate mass of 800 g. The amount of water removed during the air drying process was recorded at a 5-minute interval using a mass sensor integrated in the drying chamber (with an accuracy of ± 1 g). The drying process continued until the equilibrium moisture content was reached. The drying data obtained were expressed as the moisture content relative to the dry basis (X t ), and the moisture ratio (MR) in relation to the drying time.
The moisture ratio (MR) of the drying samples at any time was calculated using to the following equation:
The drying rate was calculated as follows (Piotrowski et al., 2004) :
The effective moisture diffusivity (D e , m/s 2 ), which is generally accepted to be an important kinetics parameter, describes the transport of moisture from the material to the surroundings in the falling rate period and can be defined by the Fick's second law for an infinite plate (Carnk, 1995) . the Fick's equation incorporates the uniform initial moisture distribution, negligible external resistance, constant diffusivity, constant temperature and negligible shrinkage. The following solution of the equation is used for long drying periods:
The Arrhenius equation was used in order to quantify the activation energy ):
The rehydration experiment of pretreated and untreated strawberries was conducted by immersing three slices of approximately 3 g in 20 ml distilled water in a 50 ml jar. The samples were rehydrated over a specified period of time at 40 o C of distilled water to evaluate the kinetics of water absorption. At every 5 min, the samples were carefully removed from the jar, blotted with paper towel to remove excess water and weight. The moisture content (X) was calculated at a specific time during rehydration according to Equation 1.
Color measurements in this experiment were performed using a three-filter colorimeter Konica Minolta CR-400. The color values obtained are presented in the CIE L*a*b* color space. In this color space, L* represents the brightness (illumination, lightness), whereas the coordinates a* and b* represent color. The negative value a* is green, and the positive a* is red. Negative b* is yellow, and the positive b* is blue (Alvarez-Fernandez, 2003) . A combination of the illuminant and observer angle was C/2 o . The color measurements were conducted before and after convective drying. Samples are selected randomly. Ten measurements were performed for each sample. The values used for total color change calculations encompassed the average values of L*, а* and b* of each sample. The color change in the samples during drying is presented by the total color change ΔE. It is calculated on the basis of the following equation (Alvarez-Fernandez, et. al., 2003) :
RESULTS AND DISCUSSION
Figures 1 and 2 show the drying curves which represent the variation of moisture and solid gain at different concentrations of osmotic solution and a constant temperature. The largest decrease in the moisture content at the end of dehydration was observed at the sucrose concentration of 65 o Bx (4.08g w /g db ) and at the concentration of 50 o Bx (3.44g w /g db ). The greatest solid gain in strawberry tissue was observed at a concentration of 65 o Bx (SG = 0.0944g dm /g). Higher concentrations of the solution have resulted in the appearance of large concentration gradient of water and solute molecules, i.e. the interface between the fruit tissue and osmotic solution. The membrane becomes more permeable to water molecules, which diffuse through the tissue more intensively towards the interface, lowering the resistance of the tissue to moisture diffusion. Furthermore, by changing the cell membrane partial permeability, solute molecules diffuse intensively from the osmotic solution into the inner layers of the fruit tissue. Similar effects of osmotic drying have been argued by other authors (Ferrando and Spiess, (2003) and Xin-feng Cheng et al. (2014) ).
The drying kinetic curves of the moisture content relative to the drying time of untreated and osmotically pretreated strawberries are shown in Figs. 3, 4 and 5. As seen in Figs. 3, 4 and 5, the drying time decreased with an increase in the drying air temperature. The drying time required to reduce the moisture content from the initial to a desired moisture of approximately 20 % (wet basis) was 5.5 h (60 o C), 5.0 h (70 o C) and 3.5 h (80 o C) (Fig 3) . The drying time of pretreated samples to the desired moisture content, at a source concentration of 50 o Bx (Fig 4) , was 5.25 h (60 o C), 4.25 h (70 o C) and 3.75 h (80 o C). However, the drying time of pretreated samples to the desired moisture content, at a source concentration of 65 o Bx (Fig. 5) , was 5.25 h (60 o C), 4.75 h (70 o C) and 4.0 h (80 o C). Those results unequivocally demonstrate that the air drying time of untreated samples is shorter, but not significantly. Taking into account the total drying time (osmotic dehydration + air drying) in addition to 2 h required for osmotic dehydration, the drying process of pretreated samples is longer by approximately 26 % to 32 %.
Variations in the drying rate and moisture content are shown in Fig. 2 . A constant rate period was not observed in any of the experiments, whereas the entire strawberry drying process occurs in the range of the falling rate period. Analyzing the course of the drying rate curve for each experiment, it can be discerned that the draying rate grows with higher air temperatures. The maximum drying rate for the untreated samples, at an air temperature of 80 o C, was 0.0572 g w /g dm min. These results are consistent with the results found in the literature (Pitrowski, D., et al., 2004 , Doymaz, I., 2008 The results of the air drying effective moisture diffusivity calculated for the nontreated and pretreated samples are shown in Table 1 (Doymaz, 2008; GamboaSantos, 2014) . The values of activation energy were 31.23, 23.89 and 12.16 kJ/mol in untreated and pretreated samples at 50 o Bx and 65 o Bx, respectively. The influence of osmotic dehydration on the rehydration of air dried strawberries in comparison to air dried strawberries without osmotic dehydration is shown in Figure 7 . After previous osmotic pretreatment, air dried strawberries were characterized by a lower water content after 75 min of rehydration compared to the samples which were not osmotically dehydrated. It was also noted that osmotic dehydration at a higher source concentration decreases the rehydration kinetics. In the non-treated samples, lower air temperatures increased the rehydration kinetics. The influence of air drying temperature on the rehydration kinetics of the pretreated samples is not significant. It was confirmed that the osmotic dehydration of strawberries caused the structure strengthening of air dried strawberries in comparison to fruit without osmotic pretreatment. After osmotic pretreatment, surface layers of the fruit were saturated by sucrose, which hindered the absorption of water and water vapor (Agnieszka and Lenart, 2010) . Fig. 4. Air drying curves (60, 70, 80 o 4,00 0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00 9,00 10,0
Moisture content X According to the results shown in Fig. 8 , significant changes in the total color are visible. The values of total color changes are between 12 and 26. There are no noticeable changes in the brightness value (ΔE*) between the treatments. The influence of osmotic pretreatment on changes in the strawberry color was not recorded. On balance, air temperatures exerted the most significant effects on the strawberry color. The greatest changes in the total strawberry color were measured in the samples dried at an air temperature of 60 o C, which was noticeable in all the treatments. The values of these changes are significant, and range between 20 and 26 ΔE*. Such changes can be attributed to the longest period of convective drying at an air temperature of 60 o C, which leads to an intensive fruit oxidation process.
CONCLUSION
The results obtained in this study indicate that osmotic dehydration in a sucrose solution, as a pretreatment of air drying, increases the drying time. Moreover, the rehydration of the untreated samples was faster than of the pretreated samples. It was found that there was not a constant rate period of air drying strawberry slices. Osmotically pretreated strawberries indicated lower values of the drying rate than the untreated samples. The effective moisture diffusivity varied from 1.57 x 10 -9 to4.43 x 10 -10 m/s 2 , increasing with an increase in air temperatures and decreasing with an increase in source concentrations. A shorter air drying process exerts a positive effect on the total color change in strawberries. The influence of pretreatment on the color changes in strawberries was not found to be significant after air drying.
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